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Abstract 



Devices and techniques for fabricating InAIGaN light-emitting devices are described that result from the removal of light-emitting 
layers from the sapphire growth substrate. In several embodiments, techniques for fabricating a vertical InAIGaN light-emitting 
diode structure that result in improved performance and or cost-effectiveness are described. Furthermore, metal bonding, 
substrate liftoff, and a novel RIE device separation technique are employed to efficiently produce vertical GaN LEDs on a substrate 
chosen for its thermal conductivity and ease of fabrication 
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(57) [gfa] 

InAl GaN»3felR^«JS<Z)HCC, Jt«W# 

[»*^«] InAlGaNM^(2 0)ii, t7 

5. S«tt©*-A«lt» (18) KOpMI nA 1 
GaNI (20a) ±CC»JEaE3tl*. *©fft I nA 1 G 
aNfffi£{*£, I nA 1 GaN»36Jl (2 0) <fc*Xh 
»R(12) i©IB{C»**#>'r-f >^Ji (16)0) 

^k^** tmm (20) ^£#>t^ >^T* e 

>^Jftt> InAlGaNfT-IiMt^n 
&Jff lOiiOf^V^Jf (16a) ( 1 

2) fflCCRW&ftS^O^fw >^J1 (16b) t 

*K>?-f >f<Dfft. tf^T>rr^ggg (3 
0) tt % l»^i^ffiotiS$tl k *<0'&*tlh 
(0 1 nA 1 GaN«^-->^i^>ysn 




C2) 

1 

1 RVm2 ©ffi14©SST«*#tfiiirie InAlGaN^ 
ltm&#± ;SlnAlGa N»*«J6»0>-ffi©W 1 
©fc^fcBBi ; MIB** hSffiiWiai nAlGaN 

LTfriB I n A 1 G a N*:M£«af*©ffiffifc*»«lCg| 

*^«l*»i**CJ I n A 1 G a N»3fc3lH% 
[Ht$JI 2 ] fftlB$ 2 ©*?««»#, iU£ 5 0 K«± 10 

5 o %&t±.^m?z c t**m±~rz>tt$m 1 cciats© 

C»*3I4 ] tula** hXfitf. &BI2UF¥«»«db 
#*> fcBJ? 3 ti & C <b £#g* i« If HOSi 1 fcBBtt©» 

CM*S5] ftulB*x h»«#, ^>»;^>, y;i/v-r.^7 

a, wa^Mttf u eaiRSh 

*Cit»«ir*lll*«4«:IBtt©»*SR*. 20 
h@tg©±ECtJS 1 ©a^*- Aj^SWKttfctifcC 

^etciatt©***^. 

[SB*B8] MIB I nA 1 GaN«56«Jg*©2o©S 

*u-ift»iai/fcc iiwat-r-BSftwi 1 tciais© 

IfcMSH 1 . 30 
[i*3j8f 9 ] SulB I n A 1 Ga N^fitig{*©±ffilCl£ 

A 1 Ga n«*«JW*©JSH«CB»Ur^i/>#>f f -f 
> *»*CCRW/c3r 2 ©ifflf*:/^ ^ 1! 7 U 5> * 3 ^~ 
&<rKK^Crc i*Wai-r4W*31 1 KlB*©IBfc* 

[»5»B 1 0 ] St 1 RW*2 ©«tt©JR-7-Jl*»-3 I n 
A 1 Ga N«56*KS**J5SSa^±CCfl8S3tf SIg 
t ',mi<D*~^&mm* I n A l GaNM» 
BfflffitCJBiiR-r^xei ; ffl2©*-A£IIIf h 40 

lii^Mt^xiii : ^0TJsri&t>*jfr2©*-A 
a^-rsffitsistt I n A 1 GaN^f^Sm 

[BR$3 1 2 ] AftSfi«M£r«XS& ; -eor I n 
A 1 GaN^^»a«r/c(caaiL/tffl«:*2©«« 
JKH*fP & XII & * M^c^tp C i *r*HS & T 1 50 



^20 0 0-2 28 537 
2 

0 CClBiS©«iS*ffi. 

C»*S 13] I n A 1 G a N**«Ufift*aLT, Bf 

wc^rfcc <t*«F®i*r^it*a 1 2 tciatsosfi^ 

So 

[«3»hi 4] ** h^**««-4xg*®c*E*c 

±*»»£T5lfWSH 1 3 OCfB«S©StS^ffio 
[11*31 15] I n A 1 G a N«IEM>»«d»3«« 

1 nA 1 G a NK*J«i^ttaXg*£&C 
T ^>li^ l 0 CCffi»C!»£#£. 

[»3»ii 6] *x vwfcfr. &mRV¥mft*^t*m 
t^^mistiicttmktiriwmi 0 octets©^ 

[000 1 ] 

$»©JH> I n A l GaNSBBa^OUJfi^ffiJCHr 
[0 0 0 2] 

*©xtdr*^i-JUj3EfiXg©iKiaT>*-r#H 
^tCfcttSScffitt©*, ii«»*©I nA 1 GaNi* 

KSMS fcftagW* L E Dflt®(i±®t£ 2 o©«SW8 

lo v *0TJEHfC loRfcffc, GaAsXteGaP© 
J: ^ ftz»«(t»«±CC»fiS L/c L E D CC*JW £ii3t©*ft 

D±©±ffl©2 o©«j|W^|t<0*ai^ffi««:*«> 

[000 3]!^ pSInAlGaNi©fil«W 

<D%,t,c p s^NKta±cc***sctsrr z¥mw<D&mm 
t7 7 ^roBT$ (fii. 7) * 

©±«CJBfiS-r* InAlGaNl (B«f*«»2 . 2 7 1 ? 
M2. 6) cfc OffiC^ *S^W^C V C©®W^©^-^ 

i©IBK:j6©W«flFffl30tf*DS. C©te^, rSJE©In 
AlGaN«SK*Jl»m £C/c*©l 0 7bM7 0% 

[0004] >)xA^>f^^ mk^fA^v 
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3 

mzjvjm-c&Zo ctxtemmznu 0400-00— 

mi£XTT'<7t>ti2> 0 tmkmmv 

rn&Ki sh imcjizxmftfrms, 502. 316 

&mmz* < > 2 ^(om^om^mbxm 
[0005] mm.&M^mytmm*ffi&te, k- tr> * 

TSttffiW^eWflESnsfcoiJEaSh*. £/c, CCD 20 

mm &c «#s#jb ccst u r tc 7 7 ^»j-^- 

£ w GaN/In,A UGa.N/A l.Ga»-,N (x 

+ y + z = o. 5 ) mmfcto^xmm^m^mytnm 
^mmzmtrzt, mom -vtmnrnttemte 

SWB*s*i;S. 1S0^^d o dW^^ I n x A 1 v Ga t 
N«jS«rff*Ci^!10C»© , C*a. In.Al ¥ Ga E 

K*aftft*ft*tT 5 icwawo p saiH*T«: « 

WftWfttfft^-T, *-7-©f s 1f^>^i:f3tt«Ccft:or 

[0006] mm&m&mytnm+m&o 

SS^i«3Sfflie% U - If XW VCSEDli, sst * 

jsaw*wflibfcfco'c**. vcsELwaatfHWR 

ItS (DBR : Distributed Braqq Reflector) (C&B 
<kS*iS*t»R*f* (>9 9%) £5 40 

y ^^>K-m*> h<D^A^, n x A 1 v G a, N 

D B R *SES 3 tt SAOtfttfcBM" SSSMftlWB*** 

^'J^Agfb&tln^UGa.N/In,- A L- 
Ga, N) «ja#©3tS<Dfi|J0!/»*«*<iiJBi-r 
itm^DBR (D-DBR) W\ ¥3W*DBR<fc«: 
ttmmc I n x A l ¥ Ga t N^J:S^ hJVffiM 
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(MBE) Rcmfi^Sfb^MtB^a (MO 
CVD) **JfflUr*>fil*. U*Lfc#6, **hS« 
L ft 9 D - D B R (D»^«ffitt««© 1 ffi 
©*(COWf^Ci*stB*&^. feL, D-DBR^I 
n B A 1 ¥ G a B N ffitt««©PiBBK:?K> -f > 

rm&fr & o «c & * r * ^ ^ . 

[0 0 0 7 ] Dud 1 ey^CC<££ l~Low thre 
shold, wafer fused long wa 
velength vertical cavity 
lasersj (Applied Physics L 
etters, Vol. 64, No. 12, 1994, 
PP1463-1465) W AlAs/GaAs* 

m&D b R^m^m^mmmo-mcmm^y^^ > 

i^S:frS#Ki£3*rt:i>*. AlAs/Ga 
A s |B©**ftaWf*ft**re-r*3fc«: I n G a A s P 
VCS ELOWHCCiaJR^x^sJOT*^ >^U/c^ 
*DBR^ Bab i c9CCj:& TRoom-Temp 
erature Continuous-Wave O 
peration of 1.430/nra Verti 
cal-Cavity Lasersj (IEEE P 
hotonics Technology Lette 
rs, Vol. 7, No. IK 1 9 9 5^1 1^) 
?R3*rCl>£. jaTKfclMW"4#* D-D BR<D I n 
X A l,Ga ( N^x^#>f^yii$f*-*i 

tt^x^^^^^yjcofc^ftoairc*?). 

[0 0 0 8] Chua9(CJ:5 TD i e 1 ec t r i c 
al ly-Bonded LongWave 1 engt 
h Vertical Cavity Laser o 
nGaAs Substrates Using St 
ra in-Compensated Mu 1 t iple 
Quantum Wellsj (IEEE Phot 
onics Technology Letters, 
Vol. 5, No. 12, 1 994^12^) CCtt, * 
tr>*>y^^Jl©^a«Cj:0 I nGaAs PU— tf&C 
SlfLftA 1 A s/GaA s¥«*DBR#RR*3ttT 
VCSEL(C^&rStt«£DBR£<D#>?w 

< v cntt^tf>^>^X(DjE»ft»3 4»BBir*C 

WftJiWJiai*«ffl*ftl^6r*S. flDAr, *tr>tf> 

[0 0 0 9 ] VCSELKjBOfcKftW (W2.tf>9 9 
%) ^A 1 , G a x., N/G a N©*if*D B R 5 7-© 

**f#*CC«ffi®*f*<&A UGa^.NiOA 1 ffi^Stb 
*iWcS-S*Ci. ftCK/X»J:0* <©■■«*« 



(4) 

5 

UArabache r ^&C<fc£ ("MRS Interne 
t Journal of Nitride Semi 
conductor Research] » 2 (22) 
1 9 9 7#>6»fc) . cn&©^ffiTttC>yftfe#»tt 
HittDSCiKSf*. «SS*SDBRJi*ai;riI« 
ft£*§^ DBR«««ttr*&C&3Mt!VC*S. *c 
»«C2»«**Sf/c#*CC«, A 1 ,Ga»_,NSraaHW«: 
K-t:>y3*irt>ft»h«ft6&^. Si (nfi) © 10 
F-t>^0«6»A liBfla;b*5 0%*j9Cc*r k * 
L/TMg (pffl) ©F-t:>y©»^tti 7«*»«ca 
tUDft^ROii, F^OF(DiIA«*+#«c©T* 
6 0 0frL&#6, ISA l«JflUt©«|«r«or*»a:S 
IMB«ffftA(Cf£Wtttta)SJRIB(C < r«& 1 A 1 x G a 

tt£SK Utl/$^r*5 0 XHL H1©A1 »,3oG 
a,. ya N/GaN©***eM»&««fc*il^ 5/im 

ttoTiSl»Jg|**<DDBR4»S{C« % £#CDJ1&£ 
2. 5Mm(Cib^r*««Ciliia«><DtOft6t*l««c6 
A 1 NR^GaNJiSSiBjK^SSc-S*frTr«ftlB 
«cjasj6at**fT9cittH«ft©r**. n#F-t> 

WRtfA 1 N/GaNJflE*«flE^CCrfc**ttH«0 

«<t&s. Sot DBRf)mffi&ffi.?i&mm\,>m& 

CCb^Tfe, In.AUGa.NWffSKl^Sgg^ 30 

^MJIBii K , S «f . 40 

[0 0 1 1 ] 

[■W*W*ra^:ai>o^«] #»w«:*jc*r, inA 
1 GaNI63l»**WSr*ab©K»Cfa*tHmr 

iTSgiEM I n A 1 GaNM^^- FflHSfc-X^r 

tRLfc*«Lhec^£fiS3SG aNILE DXttSB* 
IHBfflBMKl/— !f (VCSEL) tWA<fWt« 50 
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[0012] 

[ftwommmm] i n a i g a n«*jr 

^■11^©*- Afttt**, I n A 1 G a NJRTJBOWBi 
ItM^n^, £j£««S2I nAl GaNJS***, 

[0013] *§micm~?< i oo«pa«c*jB*H 1 k 

gW. $*T> I nA 1 GaN«36*-T- (2 0) *7 
7^7?«ST^^^IS (3 0) ±CCfiSS3-& 
So C©«i6«pfflJl (2 0a) *J«ffl-r*J:5CCfiSfi 
3i*£ 0 SJHtt©*~A&«gfl (18) KOpSI n 
AlGaNI(20a) ifcJBJiSStt*. ^©f£ I n A 
lGaNSSK, InAlGaN^l(20) 
* hSffi (12) iOIBKCjft* ( 1 
6) ©*R«CJ:9** h^t£ (2 0) ^ijJO^-zV^ 

#>7**>y« (i 6) (DtmiuHcnccKir^s 

>^JSCC«, InAl GaN*^JMPJ0CKW6ft£»l 
>^JB ( 1 6a> <t, ^XhlW^P) 
ft£f?!2©*>fw >^JI ( 1 6 b) ££^triffi»cr>B 

tf>rw (i6) o^fistctt. 

CDf&, »*ffl*7r-/r«fiai« (3 0) 

fifitt<D««ffitfe«, Pi I n A 1 G a NJf 

[0014] fe®Ktt«S£BI 2 (c^To H 1 £ Hfll 
(C, InAlGaN^WiSfflIi(3 0)± 
fOSfiStt* Kira©*-.MSMM (18) SWHOfc 
pil(2 0a)ifcMf5. InAlGaN 
fflfttt (2 O&tfl 8) ( 1 6) £/r 

utiitto^x h»£ (i2) ^± 

asmji (2 4a) tcffi&Lx, as*ui 

(2 4b) MtBOsKVf*^ >^?n/c^i (14) 
iBHWWCCHtf*. #XF»R (12) £#>?v> 

«» (2 2) *nSlI nA IGaNJitCgftWS. C©« 
fflt*rtfcWttt**-r* I nA lGaNM^ 



#s&a-ra. £©**«* ^ttxtt£«**h««© 

r**ofiSt^«**<**s*i*c43wac>*. ^e© 
^&«tt»»©ffii»w:. swsecaa-rss^FTM 

[0015] ffi©HJBg«*B 3 CC^T. p 10 

iInAlGaNi(20a) KfcfLT p §2(19©*- A 
JgftfeSP (18) {CftlAtDBR5 7-^^^i2 (2 

#£ttRtf£]j5© 5 *>© 1 o«±©»»fr 
ft/c<b©rai> 0 t©«BSf*ra. tfOf^v^Jf (1 
6) **h/c#*hhr (12) ^i#>* s ^>ysh 

itfi. ^T<>?m (16) (12)^ 

(ommt, zuxv>mm<D*-j*mM%$ ( 1 8) ^js^ 
©«««**««*-*. (i6) ©»» 

Wft«&6ttl>. (3 0) *|**0fc 

ft, »2©DBR57^^-^«»(26b)^ I 
n A 1 G a Ngit^^^m^^^i*©^ 1 © 5 ^ 
(26a) ittSWMW&KSti*. C 
©ffiaE»JlCCj:0K^*»2©5 7-^* v *ttfi (2 

6b) tt^dr-xbstiatfxv^^ysnrnH*- 

(22) /B©ffi8t*f¥*. Silt£iiSiMffi&3fe 
u-1f©/c26tc«. 5^-tc«#»w:iSc»S*f* (>9 
9%) t»fc*tt^tltfa6ft^. *fig* + tf?vL 30 
EDTO, 5 7-©Jg»*^fefl=«>6 0%i««3tl 

^-AgfcfeSB (2 4 a, 2 4b) #KWe>*l*. 
[0016] tm«c I n A 1 G a-N**»^*Bfi*ffi* 
H4K7S-J-. 14 (a) » % (3 0) iCCJSS 

UcInAlGaN^*! (20a, 2 0b) 
pIInAl GaNJB©llffitCttS«tt©«R©*-A« 

( 1 8 ) 3WK»6hrii4. pM<D*-~Ammmc 

MMm* 0 < . C *itt«W* I n A 1 G a n #«fc3R^ 

U pSI nA 1 GaNCC»rSfi^ffftl!ata*^» 
fltoWS«Cj:*itf, I n A 1 GaNl^, If? 
r -f T fiJEfi»«^ 6« n H£ ft 6 J: 5 tcBtit 

tttl«KRtrC***«, CftttTJUS-tfAJWI nA 1 
Ga N*^6JWSn*^W«r*©WtftttS««K: 
toWiWl^filt**!**, nil nA lGaN^lt 

snrt»s©tt, sa*fij©2»mtt*B&fi'r'6A{cai 

atf*2©*-A«j|Ji»ft«Wtefiaia©*^ F*« 50 
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(12) r&£o #>fw (16a) 1 ©« 

(16) I2ffiftj|ftccj:9 plffi©*-A&j|4S$ ( l 
8)±CCK^6ti, a©Xgr««W5Jttt©WC»*K , > 

(b)ic:fci>T^ ^xhl»^>f-f>^i^l 
tlnAl GaNltOx^^f-/ >^3ft"tt,>£ 0 
H4 (c) fcfcOTtt, *£gg« (3 0) rai»*3*rc 
*s»K nil nA 1 GaNiW^t-AgMaJ (2 
2) 3&JRW6tlTlr>*. -€■©» I nA 1 GaNIf £311/ 
(3 2) aWftfcSti. <i*© 
^©ffittWWs&JBKESns. H4 (d) ecfc^Ttt. 
*XHfi*^i/>^Ltl^©I nA 1 GaNM 

#*h*«£LT«»3ft&. CC^fCJcO, InA 

[0017] «^«j^LfemwwcBP(/rimr 

*9tm** ** b»K (12) & t B[*X hSS 

(1 2) CCifi»Lr»iacfSB2©Stt©*-?JB*dtf 
flfflBI nA 1 GaNMlM (20) t % RI nA 1 
Ga NIHHf&tt (20) ©±E©!S 1 ©***«» 

(2 2) WE*^ hS« ( 1 2) imriBI nA 1 G 
aN^W (2 0) i©IHICC»*4^x^#>^^ 
>^Jf (16) ^UTfuiSI nA 1 GaN»*«JS 
ft (2 0) ©JEffifCM^fcS&fcgft, fWBtf:c>vK> 
f s ^>^»*CCfiffl^**2©3R^Sait» (1 8) &* 
§t?InAlGa N^M^^iM^o 

[ 0 0 1 8 ] »* L < «. «Wa»2©*^«jttffl ( 1 
8) «*5 0K«±£*tr&. 

[0019]$^KH !MBM2©X?SttflS ( 1 

[0 020]»*L<». ituf2*Xhg« (12) as. 
[0 02 1 ]^U<«, (ttBtf* hS« ( 1 2 ) 

[ 0 0 2 2 ] L < tt, milB^X h^S ( 1 2 ) ^¥ 
«ft^* 0 . milB^x hStR ( 1 2 ) ©±®tc^ 1 ©S 
fi^-A«»SP (2 4a) 3&«KW6ti&. 

[ 0 0 2 3 ] » * 0 < tt. WE*^ hSC©fin«:«A 

wccassi'r*W2©*«*-Asaiiffl (2 4b) ^Mtc 

[ 0 0 2 4 ] W * L < BulE I n A 1 G a N«5t«JS 



(6) 



[0 0 2 5 ] £F£ L < SMS I n A 1 G a N^3fc$i§ 

(2 6 a) fc, I nA 1 G a n ^t^jgftcDjg® 

(26b) ifcjgic&fr. 
[0 0 2 6 ] M«C**?8«, M 1 ROW 2 
JfSrfto I nA 1 GaN^3fe«®*«r^SS«±tCfigS 
3tt£Xg£. mi <D*~A#JIJI£ I n A 1 GaNJfc 10 

t?Ci«r«M»i-r*SiS»«ttI nA lGaNM^ 

[oo27]^t<tt mi &&mm&m> ~ 
WW, 

[0028]^l<^ /£SX«£l&*-r£X®<b, 20 
fit I n A 1 GaN«*«JfiftO»f^CiBiau^ffiec 

[0 02 9] Jf?*0<«\ I nA 1 GaN^#tf§j£#£ 

-r*xg*jgcc$fr 0 

[0 0 3 0 ] »SL,<«:, hStR*#«!lT*Ig* 

[ 0 0 3 1 ] »* 1/ < tt, I n A 1 G a Nf&*«|jl#£ 
J&g£tf6Xg#, JflEfiSfchKS 0 S ?U>ZMZZ> 
WH^n-o I n A 1 G a NK*j£fi3 -efcXSSr^tf . 30 

[ 0 0 3 2 ] #± b < tt, *X h*«#> £KRO«0» 
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[0 1 ] #>fw>S0i#I nA lGaN^fOflfigf* 
■3ft>6JSt*Ci*W«t , r* I nA 1 GaNMlW 
[02] #>fw>^H#I nA lGaN^fdllf* 
JlTfc**Ji3&»6ja*C£t»«4^i I n A 1 GaN 

[^3 ] aa^MH^««ttr&*K:««Bswa 

(DBR) 5^-^5r^^«iS*«3feJl<DJg»ffitCKW 
tc I n A 1 G a N*#*^©!5*W*iSTBr* 0 , # 

>-?4>#m\z i n a 1 GaN^^o«je»©*-A« 

[04] InAlGaN^f^i^n^^^ 
WSoiiiM^tir^o, 04 (a) CCfc^T 
I n A 1 GaN8W7r -f r»«±«CJBl«S*l, 

14(b) t7 7>frifi*»Sf5 

ftrtc** nA 1 GaNJBCC#>fw>y3ft 

6, H4 (c) «C4$(r»Ttt, InAlGaNXWIn 

a i GaN*ftii/r©x> ^^^r^sn/oif 

gfStcJ: >3 H^^n-5> 0 04 (d) tc*Jt*T», **h» 
y-f > -2) C £ J: 0 *^#*»WC«MW3 ft 

1 2 *X 

16 a, 16b ^x^^O-r^ >>/H 

1 8 X?»ttS 

2 0 A 1 I nG ELN9timm» 
2 2 RHSMS 



[0 1] 



[03] 
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[04] 



10,1 
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